The title compound, C 24 H 18 FNO 3 , crystallizes in the monoclinic centrosymmetric space group P2 1 /n and its molecular conformation is stabilized via C-HÁ Á ÁO intramolecular interactions. The supramolecular network mainly comprises C-HÁ Á ÁO, C-HÁ Á ÁF and C-HÁ Á Á interactions, which contribute towards the formation of the crystal structure. The different intermolecular interactions have been further analysed via Hirshfeld surface analysis and fingerprint plots. research communications Acta Cryst. (2020). E76, 567-571 Hasija et al. C 24 H 18 FNO 3 571 supporting information sup-1 Acta Cryst. (2020). E76, 567-571 supporting information Acta Cryst.
Chemical context
Indolizine represents an interesting heterocyclic scaffold in which the nitrogen atom belongs to both of the fused six-and five-membered rings. It is a well-known pharmacophore endowed with various promising pharmacological properties. For instance, indolizines have been found to exhibit analgesic (Vaught et al., 1990) , anticancer (Butler, 2008; Sandeep et al., 2016a,b) , antidiabetic (Mederski et al., 2012) , antihistaminic (Cingolani et al., 1990) , anti-microbial (Hazra et al., 2011) and antiviral (Mishra & Tiwari, 2011) activity. It has also been found to act as cyclo-oxygenase (COX-2) inhibitor (Chandrashekharappa et al., 2018b) and to have larvicidal activity against Anopheles arabiensis (Chandrashekharappa et al., 2018a) .
The title compound, comprising a substituted indolizine unit, displays a modest activity against susceptible H37Rv strains of Mycobacterium tuberculosis (Venugopala et al., 2019) . Besides the tremendous scope of the pharmacological studies on indolizine-based compounds, the substitution of ISSN 2056-9890 fluorine on the benzoyl ring, the presence of flexible moieties and of competitive hydrogen-bond acceptors (namely, oxygen O2 in the ester group at C6 and O3 in the carbonyl group at C8) make the structural study of the title compound of extreme relevance. In addition, it is of importance to observe the cooperative interplay of weak interactions that contribute towards the consolidation of the crystal lattice. In the present paper, we report the molecular and crystal structure of the title compound, highlighting its molecular conformation and analysing the different intermolecular interactions via Hirshfeld surface analysis and fingerprint plots.
Structural commentary
The title compound crystallizes in the centrosymmetric monoclinic P2 1 /n space group. The molecular structure comprises one methylindolizine heterocyclic moiety (N1/C1-C9) consisting of fused six-and five-membered rings (N1/C1-C5, centroid Cg1 and N1/C5-C8, centroid Cg2). The heterocycle is substituted at the carbon atoms C6, C7 and C8 with a methoxy carbonyl group, a phenyl ring (C12-C17, centroid Cg3), and a fluorobenzoyl ring [C18/O3/C19-C24/F1, centroid Cg4], respectively (Fig. 1 ). The molecular structure possesses three conformational degrees of freedom due to the free rotation with respect to the C6-C10, C7-C12, and C8-C18 single bonds. The molecular conformation is stabilized by the presence of intramolecular C1-H1Á Á ÁO3 [C1Á Á ÁO3 = 2.853 (3) Å ] and C4-H4Á Á ÁO2 [C4Á Á ÁO2 = 2.927 (2) Å ] interactions (Table 1) and bystacking [Cg3Á Á ÁCg4 = 3.5084 (13) Å ]. The dihedral angle between the mean plane through ring Cg3 (coloured in green in Fig. 2 ) and the mean plane of the indolizine skeleton (coloured in red) is 59.05 (9) , while the dihedral angle between the mean plane through the phenyl ring and that through the fluorobenzoyl ring (coloured in blue) is as small as 19.04 (10), showing the nearly parallel position of the rings. The torsion angles N1-C8-C18-C19 and C8-C18-C19-C24 are À161.74 (19) and 46.2 (3) , respectively.
Supramolecular features
The list of all intra-and intermolecular interactions along with their geometrical parameters have been reported in Table 1 . The interactions included for investigation are based on the distance criteria of vdW + 0.4 Å (Dance, 2003) . In the crystal, the molecules are primarily assembled through concomitant C2/15-H2/15Á Á ÁO1 ii /O3 iii interactions [C2Á Á ÁO1 ii = 3.531 (4) Å , 157 ; C15Á Á ÁO3 iii = 3.519 (4) Å , 137 ; symmetry codes: (ii) x, y À 1, z; (iii) x, y + 1, z] and C1-H1Á Á Á(C15) ii [C1Á Á ÁC15 = 3.6064 (3) Å , 152 ], forming ribbons along the [010] direction, as shown by the green shading in Fig. 3 . Two adjacent ribbons are connected to each other via C11-H11BÁ Á ÁF1 v [C11Á Á ÁF1 = 3.0585 (3) Å , 104 ; symmetry code: (v) x À 1 2 , Ày + 3 2 , z À 1 2 ] ( Fig. 3 ) and C21-H21Á Á ÁO3 i [C21Á Á ÁO3 = 3.399 (3) Å , 149 ; symmetry code: (i) Àx + 3 2 , y + 1 2 , Àz Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 3 2 ; y þ 1 2 ; Àz þ 1 2 ; (ii) x; y À 1; z; (iii) x; y þ 1; z; (iv) Àx; Ày þ 1; Àz; (v) x À 1 2 ; Ày þ 3 2 ; z À 1 2 ; (vi) Àx þ 1 2 ; y þ 1 2 ; Àz þ 1 2 .
Figure 2
Dihedral angles between the mean plane passing through the C12-C17 ring (green) and the C18/O3/C19-C24/F1 ring (blue) and through the indolizine skeleton (red).
Figure 1
Ellipsoid plot of the title compound drawn with 50% probability ellipsoids. Dotted lines indicate intramolecular C-HÁ Á ÁO interactions. Cg1, Cg3 and Cg4 represent the centroids of the six-membered rings N1/ C1-C5, C12-C17 and C18/O3/C19-C24/F1, respectively, while Cg2 represents the five-membered ring N1/C5-C8.
140 , the -hole on fluorine is directed towards the electron density of the C-H bond (Hathwar et al., 2020) , underlining the importance of interactions with low angularity. The molecular sheets are closely stacked along the a-axis direction via weak interactions such as C9-H9CÁ Á Á(C1) [C9Á Á ÁC1 vii = 3.7431 (5) Å ; symmetry code: (vii) Àx + 1, Ày, Àz], C11-H11AÁ Á Á(C5) [C11Á Á ÁC5 iv = 3.4906 (4) Å ; symmetry code: (iv) Àx, Ày + 1, Àz], C11-H11CÁ Á Á(C8) [C11Á Á ÁC8 viii = 3.6590 (5) Å ; symmetry code: (viii) Àx + 1, Ày + 1, Àz] ( Fig. 4) , giving rise to a layered supramolecular structure. From this analysis, it can be stated that the formation of the crystal structure is mainly governed by several C-HÁ Á ÁO and C-HÁ Á Á interactions, while the C-HÁ Á ÁF interactions play a secondary but supporting role in its overall consolidation.
Database survey
A search for the 2-phenylindolizine skeleton in the CSD (version 5.40, update of August 2019; Groom et al., 2016) was carried out. Out of the 39 hits for unsubstituted phenyl rings attached to indolizine, the majority of entries gave reports of varied synthetic procedures and methodologies to obtain these compounds, underlining their importance. The nearinfrared emissive properties of KIVLIN, KIVLOT, KIVLUZ (Gayton et al., 2019) and KENFAN (McNamara et al., 2017) have also been reported. Structural details of compounds such as CAJTAI (Aslanov et al., 1983) , EMUTOV (Liu, et al., 2003) , FEDQAH (Liu, et al., 2005) , GIYLOP (Sonnenschein & Schneider, 1997) , ODEFIN (Qian et al., 2006) , PNOIZA, PNOIZB, PNOIZE, PNOIZF (Tafeenkov & Aslanov, 1980) , ROLKIM (Tafeenkov & Au, 1996) and TIGXOX (Liu, et al., 2007) have also been deposited. Almost all of these molecules are substituted at the C8 position with electron-withdrawing substituents such as -COMe, -CH 2 CN, -CN, -N O, -CH C(Ph)(CN), etc.
In particular, the papers reporting TIGXOX (Liu et al., 2007) , FEDQAH (Liu et al., 2005) and ODEFIN (Qian et al., 2006) discuss the structural features of molecules comprising the 2-phenyl indolizine skeleton, showing high fluorescent efficiency. In these reports, the respective dihedral angles between the mean plane of the indolizine skeleton and the plane of the phenyl ring are ca 53, 39 and 49 and 45 , comparable to that reported in the title compound.
Hirshfeld surface analysis and fingerprint plots
The significance of the cumulative effect of the interactions involved in the crystal structure can be visualized qualitatively through Hirshfeld surface analysis (Spackman et al., 2009 ). The Hirshfeld surfaces and the two-dimensional fingerprint plots were calculated using CrystalExplorer (Version 17.5; Wolff et al., 2012) 
Figure 4
Stacking of molecular sheets along the a-axis direction, primarily via C-HÁ Á Á and C-HÁ Á ÁF interactions, resulting in a layered supramolecular architecture. supramolecular interactions such as C-HÁ Á ÁO, C-HÁ Á Á and C-HÁ Á ÁF whereas the blue regions indicate the lack of contact distances shorter than the sum of the van der Waals radii. The fingerprint plots represent the individual contributions of the different interactions. Fig. 6 shows that the major contribution comes from HÁ Á ÁH (47.1%), OÁ Á ÁH/HÁ Á ÁO (13.1%), CÁ Á ÁH/ HÁ Á ÁC (21.4%), HÁ Á ÁF/FÁ Á ÁH (9.0%), CÁ Á ÁC (1.9%) and NÁ Á ÁH/HÁ Á ÁN (1.7%) contacts. The relatively high percentage of CÁ Á ÁH/HÁ Á ÁC contacts indicates how the contribution of all of the C-HÁ Á Á interactions plays an important role in consolidating the crystal packing.
Synthesis and crystallization
All chemicals were obtained from Sigma-Aldrich and used without further purification. A mixture of methyl 3-phenylpropiolate (1) (160 mg, 1 mmol), 4-methylpyridine (2) (93 mg, 1 mmol), 2-bromo-1-(4-fluorophenyl)ethan-1-one (3) (217 mg, 1 mmol), and triethylamine (0.101 mg, 1 mmol) in 4.5 mL of acetonitrile were added to a 10 mL microwave tube under a nitrogen atmosphere (Fig. 7) . A microwave initiator was used to irradiate the reaction mixture at 373 K for about 5 min. The reaction was monitored via TLC. The solvent was then removed under reduced pressure, the crude residue was diluted with water and the aqueous layer was extracted twice with ethyl acetate, and the combined organic solvent was washed with a brine solution. The organic layer was removed under reduced pressure and the remaining residue was subjected to column chromatography using 60-120 mesh silica gel with an ethyl acetate and hexane solvent system to afford The Hirshfeld surface of title compound mapped over d norm . Dashed lines indicate hydrogen bonds.
Figure 6
The fingerprint plots of the title compound showing the different contributions deriving from the OÁ Á ÁH/HÁ Á ÁO, NÁ Á ÁH/HÁ Á ÁN, CÁ Á ÁH/ HÁ Á ÁC, HÁ Á ÁF/FÁ Á ÁH, CÁ Á ÁC and HÁ Á ÁH contacts.
Figure 7
The reaction scheme for the synthesis of the title compound. 0.3414 g (88% yield) of the title compound (Venugopala et al., 2019) . Suitable single crystals of the compound were grown by the slow evaporation of acetone at ambient conditions.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The hydrogen atoms were placed in idealized positions and refined using a riding model with U iso (H) =1.2U eq (C) or 1.5U eq (C-methyl).
prepare material for publication: SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2020) . 
3-(4-Fluorobenzoyl)-7-methyl-2-phenylindolizine-1-carboxylate

Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (7) −0.0062 (7) 0.0057 (7) O2 0.0413 (9) 0.0238 (8) 0.0248 (7) 0.0018 (7) −0.0048 (6) 0.0033 (6) O3 0.0420 (9) 0.0259 (8) 0.0323 (8) 0.0073 (7) −0.0035 (7) 0.0032 (7) N1 0.0271 (10) 0.0201 (9) 0.0219 (8) 0.0005 (7) 0.0025 (7) 0.0018 (7) C1 0.0363 (13) 0.0213 (11) 0.0304 (11) 0.0029 (9) 0.0019 (9) 0.0052 (9) C2 0.0369 (13) 0.0192 (11) 0.0324 (11) 0.0007 (9) 0.0036 (9) −0.0004 (9) C3 0.0282 (11) 0.0251 (12) 0.0280 (11) −0.0045 (9) 0.0057 (9) −0.0019 (9) C4 0.0282 (11) 0.0248 (11) 0.0228 (10) −0.0010 (9) 0.0020 (8) 0.0008 (8) Symmetry codes: (i) −x+3/2, y+1/2, −z+1/2; (ii) x, y−1, z; (iii) x, y+1, z; (iv) −x, −y+1, −z; (v) x−1/2, −y+3/2, z−1/2; (vi) −x+1/2, y+1/2, −z+1/2.
